Iridoviruses are a family of large double-stranded DNA (dsDNA) viruses that are composed of 5 genera, including the Lymphocystivirus, Ranavirus, Megalocytivirus, Iridovirus, and Chloriridovirus genera. The frog virus 3 (FV3) 75L gene is a nonessential gene that is highly conserved throughout the members of the Ranavirus genus but is not found in other iridoviruses. FV3 75L shows high sequence similarity to a conserved domain found in the C terminus of LITAF, a small cellular protein with unknown function. Here we show that FV3 75L localizes to early endosomes, while LITAF localizes to late endosomes/lysosomes. Interestingly, when FV3 75L and LITAF are cotransfected into cells, LITAF can alter the subcellular localization of FV3 75L to late endosomes/lysosomes, where FV3 75L then colocalizes with LITAF. In addition, we demonstrated that virally produced 75L colocalizes with LITAF. We confirmed a physical interaction between LITAF and FV3 75L but found that this interaction was not mediated by two PPXY motifs in the N terminus of LITAF. Mutation of two PPXY motifs in LITAF did not affect the colocalization of LITAF and FV3 75L but did change the location of the two proteins from late endosomes/lysosomes to early endosomes.
I
ridoviruses are large (120 to 200 nm) double-stranded DNA viruses that possess an icosahedral capsid. The Iridoviridae family is composed of 5 genera that infect a wide range of poikilothermic vertebrates (Lymphocystivirus, Ranavirus, and Megalocytivirus) and invertebrate hosts (Iridovirus and Chloriridovirus) (1, 2) .
Understanding how iridoviruses cause disease requires an understanding of how these viruses interact with their hosts. Throughout the coevolution of viruses and their hosts, viruses have adapted certain cellular functions to their own advantage. Viruses are particularly adept at manipulating the host cell machinery in order to benefit their own replication and survival. Frog virus 3 (FV3) is the type species of the Ranavirus genus and is commonly used as a model system to study iridoviruses. In addition to the core set of essential iridovirus genes, sequencing of the FV3 genome revealed many genes putatively involved in virushost interactions (3) .
FV3 75L is an 84-amino-acid protein suspected to play a role in virus-host interaction (3) . FV3 75L shows striking sequence identity with the C terminus of a cellular protein designated lipopolysaccharide-induced tumor necrosis factor alpha factor (LITAF) ( Fig. 1) (3, 4) . LITAF is also known as p53-induced gene 7 (PIG7) (5) and small integral membrane protein of the lysosome/late endosome (SIMPLE) (6) . LITAF is predicted to encode a 161-amino-acid protein with distinct N and C termini (6) . The N terminus of LITAF contains proline-rich binding domains for several cellular proteins, including neural precursor cell expressed, developmentally downregulate 4 (Nedd4) (3, 7) , tumor susceptibility gene 101 (TSG101) (8) , and Itch (9) , which function along a conserved pathway of lysosomal protein degradation. The C terminus of LITAF contains an arrangement of cysteine residues resembling a RING finger domain (4) . Interestingly, a stretch of hydrophobic amino acids lies within this predicted RING finger domain. This interrupted RING finger domain is termed the SIMPLE-like domain (SLD) and is found in proteins of many species, including humans, yeasts, and plants (4) . The function of the SLD remains unknown.
In addition to the SLD, FV3 75L contains a tyrosine-based targeting sequence, YXX⌽ (YKRL and YKML for LITAF and FV3 75L, respectively), but a dileucine motif which has been characterized for other transmembrane proteins targeted to the endosome/lysosome system (10-12) is present in LITAF only, not FV3 75L. FV3 75L exhibits high levels of sequence identity with the C terminus of cellular LITAF, which encodes the SLD, but FV3 75L lacks the N terminus of LITAF, which contains binding sites for a variety of cellular proteins. FV3 75L therefore appears to represent a truncated version of LITAF. Homologs of FV3 75L are found in other ranaviruses, such as Singapore grouper iridovirus ORF136 (SGIV136), soft-shelled turtle iridovirus ORF37R (STIV 37R), and European catfish virus 94R (ECV 94R) (13) (14) (15) .
Huang et al. (14) previously characterized the FV3 75L homolog SGIV136. They determined that SGIV136 was expressed from an early viral gene and was localized throughout the cytoplasm and associated with mitochondria in the cell (14) . Furthermore, overexpression of SGIV136 resulted in the formation of apoptotic bodies, a change in mitochondrial membrane potential, and activation of caspase-3, suggesting that this product can induce or is involved in apoptosis (14) .
Our understanding of the role of FV3 75L is limited by a lack of knowledge regarding the function of LITAF. However, many pieces of evidence suggest a role for LITAF along the conserved pathway of protein degradation. Binding partners of LITAF, such as the E3 ubiquitin ligases Nedd4 and Itch as well as TSG101 (an E2 ubiquitin-conjugating enzyme from the ubiquitin E2 variant family), all function in the ubiquitin pathway. Nedd4 functions to ubiquitinate substrates at the plasma membrane and Golgi apparatus (16), while TSG101 acts at the early endosome to recognize and sort ubiquitinated proteins for future degradation in the lysosome (17, 18) . Furthermore, LITAF contains a RING finger domain which is present in many E3 ubiquitin ligases (8, 19, 20) . The presence of a transmembrane domain within this RING finger is thought to abolish the function of the RING finger motif; however, this has never been studied (4) . Finally, at least 8 mutations of LITAF are associated with Charcot-Marie-Tooth (CMT) disease, a neurological disease in humans. CMT is a hereditary neuropathy characterized by loss of muscle tissue and touch sensation, predominantly in the feet and legs. The mechanism by which mutations in LITAF cause CMT disease is unknown. However, it has been suggested that defects in LITAF function could lead to the inappropriate accumulation of target proteins, including those whose regulated expression is essential to peripheral nerve myelination, suggesting a potential role for LITAF in protein degradation.
LITAF has also been proposed to play a role in cellular immune responses. LITAF was first identified as a gene upregulated in the presence of bacterial cell wall components, including lipopolysaccharide (LPS) (6) . LPS is a potent stimulator of monocytes and macrophages, causing synthesis of LITAF. These data suggest that the LITAF gene may be a pathogen-associated molecular pattern (PAMP)-induced gene. In addition, LITAF mutations have also been demonstrated to play a pivotal role in inflammation, and high levels of these molecules in fluids and serum have been associated with inflammatory processes such as rheumatoid arthritis, Crohn's disease, multiple sclerosis, and pancreatitis (8, 21, 22) .
In this study, we undertook a characterization of the interaction between LITAF and FV3 75L and the role of LITAF in viral infection. In addition, we compared the intracellular localizations of FV3 75L and SGIV136.
MATERIALS AND METHODS
Reagents, cell lines, and antibodies. Baby green monkey kidney (BGMK), human embryonic kidney 293T (HEK-293T), and fathead minnow (FHM) cells were obtained from the American Type Culture Collection (ATCC; Manassas, VA). A fibroblast line derived from the Xenopus adult kidney (A6) was provided by Neils C. Boles (Waterloo, Ontario, Canada). BGMK cells were cultured in Dulbecco's modified Eagle's medium (DMEM; HyClone, Ottawa, Ontario, Canada) supplemented with 7% fetal bovine serum (FBS; HyClone), 2 mM L-glutamine, 100 U/ml penicillin, and 100 g/ml streptomycin at 37°C with 5% CO 2 . HEK cells were also maintained at 37°C with 5% CO 2 in DMEM containing 10% cosmic calf serum (Invitrogen, Burlington, Ontario, Canada), 100 U/ml penicillin, and 100 g/ml streptomycin. FHM cells were grown in closed flasks and maintained at 30°C without CO 2 in minimum essential medium with Hanks' salts (MEM; HyClone) supplemented with 10% FBS and antibiotics (100 U/ml penicillin and 100 g/ml streptomycin). A6 cells were maintained at 22°C in L-15 Leibovitz medium (L-15; HyClone) with 10% FBS (HyClone), 100 U/ml penicillin, and 100 g/ml streptomycin. The following antibodies and probes were used during immunofluorescence assay: rabbit anti-early endosome antigen 1 (anti-EEA1) antibody (1/50 dilution; Santa Cruz Biotechnology Inc., Santa Cruz, CA), Lysotracker DND-99 (Molecular Probes, Burlington, Ontario, Canada), MitoTrackerRed (Molecular Probes), 9E10 mouse and rabbit myc monoclonal antibody (1/100 dilution; Roche, Indianapolis, IN), monoclonal FLAG (M2) antibody (1/500 dilution; Sigma, Oakville, Ontario, Canada), anti-75L antibody (GenScript, Piscataway, NJ), an affinity-purified antipeptide serum raised against the 75L peptide sequence CMDDKFTTLPC ELED, and fluorescein isothiocyanate (FITC)-, Cy3-, and Cy5-conjugated goat anti-mouse or anti-rabbit immunoglobulin G (IgG) (diluted 1/100, 1/200, and 1/100, respectively; Jackson ImmunoResearch Inc., West Grove, PA). Rabbit 9E10 myc monoclonal antibody (1/1,000 dilution; Enzo Life Sciences, Farmingdale, NY), mouse anti-FLAG monoclonal antibody (1/1,000 dilution; Sigma), mouse anti-LITAF antibodies (1/ 4,000 dilution; BD Biosciences, San Jose, CA), and peroxidase-conjugated AffiniPure F(ab=) 2 fragment goat anti-rabbit/mouse IgG (1/ 10,000 dilution; Jackson ImmunoResearch Inc.) were used during Western blotting.
Isolation of viral DNA. In order to generate viral DNA for PCR, FHM or A6 cells were grown to 80% confluence and were infected with FV3 at a multiplicity of infection (MOI) of 0.1. The infection was allowed to progress until cytopathic effects (CPE) were seen, at which point cells were harvested and resuspended in phosphate-buffered saline (PBS). Infected cells were freeze-thawed 3 times, and an equal volume of phenol-chloroform was added. The aqueous phase was transferred to a new tube, and 10% (vol/vol) 5 M sodium acetate and 200% (vol/vol) ethanol (96%) were added. The mixture was left for 15 min on ice, followed by centrifugation for 10 min at 10,000 ϫ g. The pellet was air dried and resuspended in PBS.
PCR and expression plasmids. FV3 75L, SGIV ORF136, and LITAF were amplified using a 50-l PCR mixture containing 1ϫ PCR buffer (Invitrogen), 3.0 mM MgCl 2 (Invitrogen), 0.2 mM (each) forward and reverse primers, and 2.5 U Taq DNA polymerase (5 U/l; Invitrogen). Specifically, FV3 75L was amplified and a myc tag was added using 10 ng of FV3 DNA and the following primers: 5=-AAGCTTATTAAAGATGGA CGACAAG-3= (FV3 75L-forward) and 5=-CTCGAGCTACAGATCTTCT Highly conserved cysteine residues are displayed in red, and other conserved amino acid residues are shown in yellow. Amino acids that compose the RING finger motif are shown above the SLD.
TCAGAAATAAGTTTTTGTTCTAAAATTTTGTACACAAACAC-3= (FV3 75L-reverse). SGIV ORF136 was synthesized by Genescript (Piscataway, NJ) as the template DNA and amplified with the following primers: 5=-A TGGAGCAGAAACTGATTAGT-3= (SGIV136-forward) and 5=TTAGAC AATCTTATAGACGGC-3= (SGIV136-reverse). LITAF was amplified and a FLAG tag added using mouse LITAF cDNA (MGC-6569; ATCC) as the template DNA and the following primers: 5=-AAGCTTATGGATTACAA GGATGACGACGATAAGTCGGTTCCAGGACCTTACC-3= (LITAFforward) and 5=-CTCGAGCTAAAAGCGTTGTAGGTG-3= (LITAF-reverse). The following cycling conditions were used: 94°C for 30 s, 52°C for 30 s, and 72°C for 90 s for 30 cycles. The resulting PCR product was initially cloned into pGEM-T Easy (Promega, Madison, WI), followed by cloning into the XhoI and HindIII sites of pcDNA3.1 (Invitrogen). A green fluorescent protein (GFP) plasmid expressing LITAF was also generated through a PCR using FLAG-LITAF as the template DNA, the forward primer 5=-GAGACTCGAGAATGTCGGTTCCAGGACC-3=, and the reverse primer 5=-GAGAAAGCTTCTACAAACGCTTGTAGGTG-3= and was then cloned into the plasmid pEGFP-C2 (Clontech, Mountain View, CA) through the XhoI and HindIII restriction sites. The GFP LITAF plasmid was used as a template to create a LITAF Y23,61A double mutant plasmid. Site-directed mutagenesis was completed using a QuikChange Lightning Multi site-directed mutagenesis kit (Stratagene, La Jolla, CA) per the manufacturer's directions. The forward primer 5=-AAGCTTATG GAACAAAAAGTTATTTCTGAAGAAGATCTGTCGGTTCCAGGACC TTACC-3= and the reverse primer 5=-CTCGAGCTAAAAGCGTTGTAG GTG-3= were used.
Transfections. BGMK, HEK, or A6 cells were grown to 70% confluence and transfected using a polyethylenimine (PEI) reagent at a concentration of 0.2 mM. DNA (5 g) was resuspended in 400 l of serum-free DMEM. PEI was added at a 4:1 ratio of PEI to DNA and left to incubate at room temperature for 15 min. Transfection complexes were then added to cells, along with fresh DMEM.
Immunofluorescence assay. At 24 h posttransfection, cells were fixed using a 3.7% paraformaldehyde solution in PBS and permeabilized using a 0.1% Triton X-100 solution in PBS. Cells were blocked for 2 h at room temperature in blocking buffer (5% [ . Primary antibody diluted in wash buffer was incubated on cells for 1 h at room temperature. The primary antibody was removed following several 5-min washes in wash buffer, and secondary antibody was diluted in wash buffer and applied to cells. The secondary antibody was left on cells for 1 h at room temperature in darkness before removal with several 5-min washes in wash buffer. Cells were mounted using Vectashield (Vector Laboratories, Burlington, Ontario, Canada), and fluorescence was detected using a Leica DM SP2 confocal microscope (Leica, Wetzlar, Germany). Images were assembled using Adobe Photoshop CS4 (Adobe, San Jose, CA).
FV3 lysates. FHM cells were grown to 90% confluence and then infected with FV3 at an MOI of 20. Mock-infected cells and cells infected for 2, 4, and 6 h were harvested and collected by centrifugation after 5 min at 10,000 ϫ g. The cell pellets containing cell lysate were resuspended in Laemmli buffer and boiled for 5 min, dithiothreitol (DTT) was added to a final concentration of 1%, and proteins were resolved by Western blotting.
Western blotting. Lysates were subjected to sodium dodecyl sulfatepolyacrylamide gel electrophoresis (SDS-PAGE) using SDS running buffer (125 mM Tris, 1.25 M glycine, 0.5% SDS), followed by transfer to a polyvinylidene difluoride (PVDF) membrane by use of a semidry transfer apparatus (Fisher Biotech, Pittsburgh, PA). The membrane was blocked for a minimum of 24 h at 4°C in TBST buffer (140 mM NaCl, 24 mM Tris [pH 7.4], 0.2% Tween 20, 3 mM KCl) containing 5% nonfat milk powder. Following several washes in TBST, the membrane was incubated in primary antibody for 1 h at room temperature. The membrane was washed several times with TBST and then incubated in secondary antibody for 1 h at room temperature. Following several more washes in TBST, proteins were detected using a chemiluminescence reagent (Chemiluminescence Reagent Plus; Perkin-Elmer, Boston, MA). Images were viewed using a Genius2 Bio imaging system (Syngene, Frederick, MD).
Pulldown assay. HEK-293T cells were transfected using a calciumphosphate technique (22) . At 24 h posttransfection, cells were washed in PBS and resuspended in buffer A (20 mM HEPES, pH 7.4, 150 mM NaCl) and 1 mM phenylmethylsulfonyl fluoride (PMSF) (MP Biomedicals, Solon, OH). Cells were lysed via sonication, and Triton X-100 was added to a final concentration of 1%. Lysed cells were incubated for 20 min at 4°C, followed by centrifugation (in a microcentrifuge) at 15,000 rpm for 10 min at 4°C. Extracts were incubated with 20 g of glutathione S-transferase (GST) fused to the WW domain of Itch (23) for 16 h at 4°C, along with glutathione Sepharose 4B (Bioworld, Dublin, OH), and then washed extensively with buffer A containing 1% Triton X-100 solution, and proteins were resolved by Western blotting.
RESULTS

Upregulation of LITAF upon viral infection.
LITAF was first identified as a gene upregulated in the presence of LPS, a major component of the outer membranes of Gram-negative bacteria (6) . LPS is an endotoxin that elicits a strong response from the host immune system, and LITAF was therefore identified as a PAMP-induced gene (6) . We were therefore interested in examining whether LITAF was also upregulated following a viral infection. FHM cells were infected with FV3 at an MOI of 20, and at various times postinfection LITAF was detected using anti-LITAF antibodies in a Western blot (Fig. 2) . In mock-infected cells, the level of LITAF remained low (Fig. 2) . However, the level of LITAF increased substantially at 2 h postinfection and remained elevated at 4 and 6 h postinfection (Fig. 2) . These results suggest that LITAF is rapidly induced following an FV3 infection.
FV3 75L localizes to early endosomes. Cellular localization often helps to reveal a potential function for a specific protein. Therefore, to determine the subcellular localization of FV3 75L, we transiently transfected a myc-tagged FV3 75L construct into BGMK cells. FV3 75L exhibited a punctate staining pattern that was found to overlap that of the early endosome marker EEA1 (Fig. 3A) . The FV3 75L pattern did not overlap those of other cellular markers, including LysoTracker, which stains late endosomes/lysosomes (Fig. 3A) . Similar results were seen in human HEK-293T cells (data not shown). These data suggest that FV3 75L localizes to the early endosome.
LITAF alters the subcellular localization of FV3 75L. LITAF was previously found to localize to the Golgi apparatus, plasma membrane, and late endosome/lysosome, and its localization is thought to be cell type specific (6, 8, 24, 25) . As previously demonstrated, a transfected FLAG-tagged LITAF construct localized with LysoTracker but not EEA1 (Fig. 3B) . Early endosomes mature into late endosomes, and both types of endosomes are part of a dynamic system involving ubiquitin-mediated lysosomal protein degradation. The possibility therefore exists that FV3 75L and LITAF exist at least transiently within the same compartment. In order to determine whether any subcellular overlap exists between FV3 75L and LITAF, myc-tagged FV3 75L and FLAG-tagged LITAF were cotransfected into BGMK cells, and indirect immunofluorescence assay was completed along with LysoTracker and EEA1 staining. Instead of individual localization patterns, we found that FV3 75L and LITAF staining overlapped within the cell and that this overlap colocalized with LysoTracker and not EEA1 (Fig. 4A ). In addition, we observed the colocalization of 75L and LITAF in Xenopus laevis A6 cells (data not shown). These data suggest a potential interaction between 75L and LITAF that results in altered subcellular localization of FV3 75L from early to late endosomes in the presence of LITAF.
Virally produced 75L colocalizes with LITAF. To determine if virally expressed 75L colocalizes with LITAF in amphibian cell lines, natural host cells for the virus, we transfected A6 cells with myc-tagged LITAF, and 10 h after transfection, we infected cells with FV3 for 6 h. All of the virally produced 75L colocalized with . LysoTracker was applied to live cells at 24 h posttransfection, and cells were then fixed and permeabilized. Cells then underwent indirect immunofluorescence assay, and FV3 75L was detected using anti-myc antibodies (red) and LITAF was visualized using anti-FLAG antibodies (green). Late endosomes/ lysosomes (LysoTracker) and early endosomes (EEA1) are shown in blue. Nuclei were visualized using differential interference contrast (DIC) microscopy. All images were taken using a laser scanning confocal microscope.
transfected LITAF (Fig. 4B) . These data confirm that transfected 75L colocalizes in a manner similar to that of 75L produced during an FV3 infection.
FV3 75L and LITAF physically interact. The ability of LITAF to alter the subcellular localization of FV3 75L suggests that these two proteins may directly interact. In order to investigate a potential interaction, a pulldown assay was performed. We have previously demonstrated that Itch, a cellular ubiquitin ligase, is able to interact with LITAF through its WW domain (24) . WW domains are hydrophobic domains that are found in many cellular proteins and that facilitate protein-protein interactions. Specifically, the Itch WW domain can interact with two proline-rich (PPXY [where X is any amino acid]) motifs found in the N terminus of LITAF (24) . A GST fusion protein that included GST fused to the WW domain of Itch (23) was incubated alongside a cellular lysate expressing myc-tagged LITAF, myc-tagged FV3 75L, or myctagged FV3 75L and myc-tagged LITAF. As predicted, the GST fusion protein was able to precipitate LITAF through the interaction mediated by the WW domains of Itch and the PPXY motifs of LITAF (Fig. 4C) . The GST fusion protein was unable to precipitate FV3 75L alone, suggesting that no motif present on FV3 75L is able to physically interact with WW domains (Fig. 4C) . However, when the cell lysate included both myc-tagged FV3 75L and myctagged LITAF, both FV3 75L and LITAF were detected by Western blotting (Fig. 4C) . The fact that the GST-WW fusion protein cannot precipitate FV3 75L alone suggests that FV3 75L is precipitated through a direct interaction with LITAF.
Mutation of two PPXY domains in LITAF induces a change in its cellular localization. LITAF has two proline-rich motifs (PPXY) in the N terminus. PPXY motifs mediate a wide range of protein-protein interactions, including the interactions between LITAF, Nedd4, Itch, and the putative tumor suppressor WWOX (7-9, 25). We were interested in determining whether the PPXY motifs in LITAF were responsible for the cellular relocalization of FV3 75L. Using site-directed mutagenesis, the tyrosine (Y) was mutated to an alanine (A) in both PPXY motifs. This was previously demonstrated to abolish all ability of this motif to interact with other proteins (26) . The LITAF double mutant (LITAF Y23,61A) was transiently cotransfected into cells along with myctagged FV3 75L. Very high levels of overlap between LITAF Y23,61A and FV3 75L were evident; however, LITAF Y23,61A and FV3 75L were found to colocalize with the early endosome marker EEA1 and not with LysoTracker (Fig. 5) . This suggests that mutation of LITAF's PPXY motifs abolishes the ability of LITAF to change the cellular localization of FV3 75L, and instead results in a change in cellular localization of LITAF from late to early endosomes. The fact that both proteins still strongly colocalize within the cell suggests, however, that the PPXY motifs are not responsible for the interaction between LITAF and FV3 75L.
SGIV136 localization is cell type specific. FV3 75L localizes to early endosomes. In contrast, the FV3 75L homolog SGIV136 localizes (at least partially) to the mitochondria (13). SGIV136 and FV3 75L both contain the highly conserved SLD, suggesting similar functions between the two proteins, and it would be expected that they would have the same subcellular localization. Since FV3 75L localizes to the early endosomes and SGIV136 localizes to the mitochondria (13), we wanted to test whether the localization of SGIV136 is cell type specific. BGMK cells were transfected with myc-SGIV136, and indirect immunofluorescence assay demonstrated that SGIV136 localized with the mitochondrial marker MitoTracker and not with the late endosome/lysosome marker, in agreement with the work of Huang et al. (14) (Fig. 6A) . In a fibroblast line derived from the Xenopus adult kidney (A6), SGIV136 colocalized with the late endosomal/lysosomal marker CD63 (Fig.  6A) . These data suggest that SGIV136 localization is cell type specific, confirming that SGIV136 is localized to the late endosome/ lysosome. Interestingly, FV3 75L did not show different subcellular localizations: FV3 75L localized to the early endosome in both BGMK cells (Fig. 3A) and A6 cells (Fig. 6B) .
DISCUSSION
In this study, we demonstrated a novel interaction between the viral protein FV3 75L and the cellular homolog LITAF. Both proteins were found to localize independently to different compartments, but when they were cotransfected into cells, LITAF was able to alter the subcellular localization of FV3 75L. We demon- strated that this change in cellular localization is mediated through direct binding between FV3 75L and LITAF. Furthermore, the presence or absence of the two PPXY motifs in the N terminus of LITAF determines whether LITAF and FV3 75L localize to early or late endosomes. LITAF and FV3 75L are both found within organelles that play essential roles in ubiquitin-mediated lysosomal protein degradation. The dynamic nature of this pathway suggests that LITAF and FV3 75L are at least transiently present in the same cellular compartment.
Mutation of both PPXY motifs in LITAF changed the subcellular localization of LITAF and FV3 75L but did not alter the colocalization between the two proteins. This suggests that the interaction between LITAF and FV3 75L is not mediated through the PPXY motifs in the N terminus of LITAF but instead may be mediated through the C terminus (SLD) of LITAF. No known protein-protein interaction motifs are present in the SLD of LITAF, which therefore suggests that the highly conserved SLD may function in mediating protein-protein interactions. In order to determine whether the SLD mediates an interaction between LITAF and FV3 75L, mutant constructs lacking sections of or the entire SLD can be tested along with FV3 75L to determine which domains are responsible for the interaction. Changes in the ability of the mutant LITAF and FV3 75L constructs to interact can also be confirmed using a GST pulldown assay or immunoprecipitation followed by Western blotting.
Due to the fact that FV3 75L appears to be a truncated version of LITAF, with FV3 75L having sequence similarity to the C terminus of LITAF (3), it is possible that FV3 75L acts in a dominantnegative manner to antagonize the function of LITAF. While the N terminus of LITAF appears to be involved in mediating proteinprotein interactions through several proline-rich binding motifs, the function of the C terminus in LITAF and FV3 75L remains unknown (4) . The ability of FV3 75L and LITAF to interact and the fact that this interaction does not appear to require the two PPXY protein-protein interaction motifs in the N terminus of LITAF suggest that the C terminus may be able to mediate homotypic binding. It is possible that LITAF typically requires substrate binding at both the N terminus (through proline-rich motifs) and the C terminus (through the SLD) in order to elicit some sort of response. FV3 75L may act to outcompete other substrates or bind preferentially to LITAF through the SLD, thereby reducing or eliminating the typical response of LITAF.
It is interesting that SGIV136 localizes to either the mitochondria or early endosomes, depending on the cell type, since the C terminus of LITAF contains a YXX⌽ motif (where X is any amino acid and ⌽ is any bulky hydrophobic amino acid). This motif is known to interact with adaptor proteins involved in sorting of membrane proteins as well as targeting proteins to the lysosome or trans-Golgi network (27, 28) . Lee et al. (29) identified a C-rich domain in LITAF that is responsible for its transmembrane association. The absence of an endoplasmic reticulum (ER)-targeting signal sequence and the fact that the transmembrane domain is localized close to the C terminus of LITAF suggest that LITAF undergoes posttranslational insertion as a C-tail-anchored membrane protein (30, 31) . Based on this, it is possible to speculate that the different protein compositions present in different cell lines could play a role in the differences in cellular localization of SGIV136 but not FV3 75L. It is possible that the N terminus of SGIV136 interacts with other proteins in A6 cells that target it for lysosomal localization.
The FV3 75L gene was identified as a late viral gene (32) by use of an oligonucleotide microarray, in contrast to the case for the SGIV136 gene, which was found to be an immediate-early gene. We previously found that FV3 75L is expressed as early as 3 h postinfection (33) , and upregulation of LITAF occurs as early as 2 h postinfection, suggesting that the FV3 75L gene may be an early gene. Growing evidence suggests that apoptosis plays a critical role in viral pathogenesis and that viruses are able to carry genes that trigger apoptosis. Considering that the mitochondria are the central control point of apoptosis, Huang et al. (14) suggested that mitochondria may be involved in LITAF-induced apoptosis. Viruses that induce apoptosis represent an important step in the spread of progeny to neighboring cells while also evading the host immune and inflammatory responses (3), leading Huang et al. (14) to suggest that apoptosis induced by SGIV136 may contribute to virus transmission during SGIV replication. Future experiments will focus on confirming the temporal classes of FV3 75L and SGIV 136, as well as exploring whether FV3 75L plays a role in the induction or inhibition of apoptosis during a viral infection in FHM and BGMK cells. If FV3 encodes a protein to antagonize the used to specifically mutate the tyrosine in the two PPXY motifs in LITAF to alanine. At 24 h posttransfection, live cells were stained with LysoTracker and/or processed for indirect immunofluorescence assay. FV3 75L was detected using anti-myc antibodies (red), LITAF was detected with anti-FLAG antibodies (green), and early (EEA1) and late endosomes/lysosomes (LysoTracker) are shown in blue. DIC microscopy was used to visualize cell nuclei.
function of LITAF, then we would speculate that the FV3 75L gene product should be an early transcript. Future studies need to determine whether LITAF has antiviral functions. A reduction in cellular LITAF levels through the use of RNA interference or antisense morpholinos could be used to compare FV3 titers in cell lines containing and lacking LITAF. If LITAF does have antiviral activity, then one would expect higher FV3 titers following a reduction in cellular LITAF. . At 24 h posttransfection, the cells were incubated with MitoTracker (red). Cells were fixed and stained for SGIV136 or FV3 75L (anti-myc antibodies; green), lysosomes (anti-CD63; red), and mitochondria (MitoTracker; red). DIC microscopy was used to visualize cells, and the images were captured using a laser scanning microscope.
